Background -Serial peak expiratory flow (PEF) measurement is usually the most appropriate first step in the confirmation ofoccupational asthma. Visual assessment of the plotted record is more sensitive and specific than statistical methods so far reported. The use ofvisual analysis is limited by lack of widespread expertise in the methods. A computer assisted diagnostic aid (OASYS-2) has been developed which is based on a scoring system developed from visual analysis. This removes the requirement for an experienced interpreter and should lead to the more widespread use of the technique. Methods -PEF records were collected from workers attending an occupational lung disease clinic for investigation of suspected occupational asthma and from workers participating in a study of respiratory symptoms in a postal sorting office. PEF records were divided into two development sets and two gold standard sets. The latter consisted of records from workers in which a final diagnosis had been reached by a method other than PEF recording. An experienced observer scored individual work and rest periods for the two development set PEF records; linear discriminant analysis was used to compare measurements taken from development set 1 records with visual scores. Two equations were produced which allowed prediction of scores for individual work or rest periods. The development set 2 was used to determine how these scores should be used to produce a whole record score. The first gold standard set was used to determine the whole record score which best separated those with and without occupational asthma. The second set determined the sensitivity and specificity of the chosen score. Results -Two hundred and sixty eight PEF records were collected from 169 workers and divided into two development sets (81 and 60 records) and two gold standard sets (60 and 67 records). Linear discriminant analysis produced equations predicting the score for work periods incorporating five indices of PEF change and one for rest periods using seven indices. These equations correctly predicted the score for development set 1 work and rest periods on 61% of occasions (K=0.47). The whole record score for development set 2 records, after weighting for definite or definitely no occupational effect, correlated with the visual score (correlation coefficient 0.86).
P F G Gannon, D T Newton, J Belcher, C F A Pantin, P S Burge Abstract Background -Serial peak expiratory flow (PEF) measurement is usually the most appropriate first step in the confirmation ofoccupational asthma. Visual assessment of the plotted record is more sensitive and specific than statistical methods so far reported. The use ofvisual analysis is limited by lack of widespread expertise in the methods. A computer assisted diagnostic aid (OASYS-2) has been developed which is based on a scoring system developed from visual analysis. This removes the requirement for an experienced interpreter and should lead to the more widespread use of the technique. Methods -PEF records were collected from workers attending an occupational lung disease clinic for investigation of suspected occupational asthma and from workers participating in a study of respiratory symptoms in a postal sorting office. PEF records were divided into two development sets and two gold standard sets. The latter consisted of records from workers in which a final diagnosis had been reached by a method other than PEF recording. An experienced observer scored individual work and rest periods for the two development set PEF records; linear discriminant analysis was used to compare measurements taken from development set 1 records with visual scores. Two equations were produced which allowed prediction of scores for individual work or rest periods. The development set 2 was used to determine how these scores should be used to produce a whole record score. The first gold standard set was used to determine the whole record score which best separated those with and without occupational asthma. The second set determined the sensitivity and specificity of the chosen score. Results -Two hundred and sixty eight PEF records were collected from 169 workers and divided into two development sets (81 and 60 records) and two gold standard sets (60 and 67 records). Linear discriminant analysis produced equations predicting the score for work periods incorporating five indices of PEF change and one for rest periods using seven indices. These equations correctly predicted the score for development set 1 work and rest periods on 61% of occasions (K=0.47). The whole record score for development set 2 records, after weighting for definite or definitely no occupational effect, correlated with the visual score (correlation coefficient 0.86).
Comparison with gold standard set 1 identified a cut off which proved to have a sensitivity of 75% and a specificity of 94% for an independent diagnosis of occupational asthma when applied to gold standard set 2. Conclusions -These results suggest that the sensitivity and specificity of analysing PEF records for occupational asthma using OASYS-2 approaches that of visual analysis, but it should be absolutely reproducible. The performance of OASYS-2 is more specific and approaches the sensitivity of other statistical methods of analysis. The evaluation ofa large number of PEF records from workers exposed to different sensitising agents suggests that these results should be robust and should be repeatable in clinical practice. cords were collected sequentially from workers attending an occupational lung disease clinic with suspected occupational asthma and from a cross sectional survey ofrespiratory symptoms in post office sorting workers. Four sets of PEF records were used: two development sets and two gold standard sets -the latter from workers on whom a final diagnosis had been made using methods unrelated to serial PEF measurements. These non-PEF methods included specific bronchial provocation testing, a clear history of asthmatic symptoms related to work exposure which improved away from work, supplemented with either significant levels of specific IgE to a relevant occupational allergen or a fourfold change in non-specific bronchial responsiveness between periods at and away from work. We also included workers in whom symptoms had been completely abolished by removal from exposure to the causative agent. Gold standard negative records were supplemented by asymptomatic workers who had participated in the cross sectional survey of respiratory symptoms in the post office, and workers who had a final diagnosis of occupational asthma but were now relocated away from exposure to the causative agent. The mean PEF value for each work "day" (starting with the first reading at work and continuing to the last reading before work the next day) was calculated and plotted with the maximum and minimum PEF for this period in the manner shown in fig 1. Diurnal variation for each "day" expressed as the percentage predicted and the number of readings per day were also included on the plot. Fixed scale plots (1 cm= 201/min) of the PEF records in development set 1 were visually scored from 0 (no evidence of work-related effect) to 100 (definite work-related effect) for each consecutive period of work or rest "days". Fifty possible measurements, qualitatively felt to best describe change between consecutive work/rest periods, were entered into a linear discriminant analysis.6 Measurements from work and rest periods were analysed separately. Linear discriminant analysis determines which measf 
The cut off point determined on gold standard set 1 was then applied to whole record scores calculated for gold standard set 2 to determine a final sensitivity and specificity for the presence of a work-related effect as determined by the gold standard result.
Results
Details of the four PEF sets used to develop and evaluate OASYS-2 are summarised in table 2; a total of 268 records were used from 169 workers. In the case of workers from whom more than one PEF record was used in the study, only the PEF records of four individuals appeared in both development and gold standard sets; however, these were completely different records separated by long periods of time with different exposures. The mean duration of each PEF record was 26-37 days depending on the set, the mean number of work periods was 3-5-5 1 and rest periods 3-5-5-2 per record, and the mean number of PEF readings per day in each group was 7-5-8 1, consistent with the instruction to perform two hourly PEF measurements whilst awake. All groups contained PEF records from workers exposed to a wide variety of agents with a mixture of workers taking no medication, inhaled bronchodilators alone, and bronchodilators with inhaled steroids. Development set 1 was the largest with all types of PEF record being represented including the most difficult type -namely, those which were equivocal for the presence of a work-related effect (14%) -and 50% were not thought to show a workrelated effect. A similar distribution of PEF records was seen in development set 2 Expert assessed group (overall weighted score) Figure 4 Comparison of visual weighted whole record scores with OASYS-2 scores for the development set 2. Cut off point Figure 5 Curve used to determine the cut offpoint for whc maximises sensitivity ( single agents were used. A sensitivity of 75% approaches that of other evaluations despite the fact that many of the workers were taking ords. Thirty two workers inhaled corticosteroids. OASYS-2 is also more iagnosis of occupational specific than other statistical methods of anal--2 correctly predicted in ysis with a similar sensitivity. remainder were between
Factors which reduce the sensitivity and five records came from specificity of analysis by OASYS-2 include the upational asthma, and fact that it still relies on self-recorded PEF ded 2-51 in two, both of which suffers from problems of poor technique office workers who gave and sometimes, when compensation is an issue, y symptoms on the ques-frank falsification. Analysis is also critically de- two PEF records were pendent on knowing when a worker is exposed showed diurnal variation to a sensitising agent which is often difficult to finite work-related effect assess, particularly when exposure is inter-9), and the other showed mittent. This can sometimes be overcome id small improvements in by detailed record keeping by the worker but, this record scored 1) is then produced, together with a report giving an overall score and conclusion. OASYS-2 is viewed as a prototype analysis system which may be improved in the future by the addition of refined analysis packages.
Occupational asthma remains a disease which is very substantially underdiagnosed' and it is hoped that OASYS-2 will help to make the diagnostic process easier. The diagnosis of occupational asthma still leaves the problem of finding the specific cause, for which serial PEF measurements are not usually very helpful. The equations presented in tables 4 and 5 allow a value to be calculated for each of the four score groups (1 = experienced interpreter score of 0, 2 = 1-49, 3 = 50-99, and 4 = 100). The group with the highest value is the group score predicted by the equation. 2) Group membership 
